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PREFACE 
A thorough understanding of structural integrity is crucial for the safe, reliable operation and 
prevention of failure in power plants. We are pleased to bring out this publication based on 
selected papers presented at the First International Conference on Structural Integrity, which was 
held at the Indira Gandhi Centre for Atomic Research (IGCAR), Kalpakkam, India, 4-7 February 
2014. The conference was organized by IGCAR in association with The Society for Failure 
Analysis, The Indian Institute of Metals, Kalpakkam Chapter and The Indian Institute of 
Welding. About 300 delegates attended the conference including 40 delegates from 14 overseas 
nations. 
The papers presented at the conference went through a rigorous review process and 114 selected 
papers are presented in this special issue of Procedia Engineering. Structural integrity being  a 
multi-disciplinary field, the topics included in this publication cover a wide spectrum of areas 
such as, Materials Development and Characterisation,  Mechanical Properties Evaluation, Design 
of High Temperature Components, In-service Inspection, Non-destructive Evaluation (NDE), 
Material Mechanics,  Damage Simulation, Modeling, Residual Life Assessment and Failure 
Analysis. The papers are a judicious mix of experienced analysis by leading experts from the 
industry, research institutions and academia, highlighting the state of the art and current trends, 
analysis by plant engineers and a glimpse of innovative research from the student community. 
The publication commences with a section on Materials Development and Characterisation, as 
the key to reliable operation of any component is proper selection of materials. As an illustration, 
development of new materials, reduced activation ferritic martensitic steels for the challenging 
environment of fusion reactors and materials for the Indian Space Programme are elaborated in 
this section. Design of components necessitates the evaluation of mechanical properties of the 
candidate materials and a rigorous estimation of the mechanical properties is necessary before 
the component can be designed for the envisaged service conditions. This section includes 
evaluation of tensile, creep and fatigue deformation and damage of materials for fission and 
fusion reactors, advanced ultra supercritical power plants and conventional power plants. The 
evaluation of mechanical properties also includes thermo-mechanical fatigue studies, effect of 
multiaxial states of stress and full scale component testing. Welds being the weak links in any 
structure, the characterization and evaluation of weld joints is of prime importance in structural 
integrity assessments. An overview of the challenges faced and overcome, on welding aspects, 
during the manufacture of critical sections of the heat exchangers in the prototype fast breeder 
reactor at Kalpakkam is given. Dissimilar weld joints are an interesting and challenging subject 
and a few excellent studies in this area have also been included.  Fracture resistance of ferritic 
steels is an area of concern and the importance of  heat treatment effects and prior microstructure 
on the fracture properties is elucidated. 
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Understanding the guidelines of the high temperature design codes is very important for design 
optimization and this section highlights the  R5  and ASME life assessment procedures together 
with reliability analysis of components operating at high temperatures. The introduction of 
damage tolerance imposed requirements of quantified NDE techniques for  the life cycle 
management of structures and hence NDE has become an integral part of structural integrity 
assessment. The detection of fatigue crack initiation by online monitoring with NDT techniques 
and ultrasonic guided waves for defect detection have been included.  
In-service inspection  and online monitoring form  core areas in structural integrity assessment 
and hence various topics starting from development of sensors, that are to be located at vantage 
points in the structure, to overviews on in-service inspection of nuclear reactors are covered. 
Modern instrumentation has revolutionised the field of corrosion monitoring, this aspect and the 
mechanisms of corrosion, including flow accelerated corrosion have been elucidated. Several 
case studies related to corrosion evaluation have been described. In the area of material 
mechanics, mixed mode loading and variable amplitude loading effects have been evaluated on 
several alloys. Simulation and modeling of damage towards structural integrity assessment 
cannot be overemphasized and this publication includes topics on finite element analysis for 
modeling material deformation and simulation of damage.  
Residual life assessment gains importance for life extension of ageing power plants and several 
small specimen techniques have been described in detail which can be used as tools for 
evaluating residual life of service exposed components. Failure Analysis gives a great 
opportunity to review the design, material selection and service loads of a component and  hence 
a dedicated section in the volume describes failure analysis investigations on several engineering 
components such as boiler tubes and compressor blades. 
This publication reflects the current state of art  in the field of structural integrity and trends and 
future directions for research, making it a valuable volume for designers, plant engineers, 
researchers and students. We would like to thank all the authors who have contributed for  this 
special issue. Special thanks are due to the reviewers for their time and effort in reviewing these 
contributions and without this commitment, it would not have been possible to bring out this 
publication. Thanks are also due to Elsevier for agreeing to bring out this special issue of 
Procedia Engineering, highlighting developments and trends in structural integrity. 
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